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ELECTROSTATIC DISCHARGE
PROTECTION APPARATUS

FIELD OF THE INVENTION

The present invention relates to an electrostatic discharge
(ESD) protection apparatus, and more particularly to a semi-
conductor ESD protection apparatus for integrated circuits

(I0).

BACKGROUND OF THE INVENTION

An ESD event commonly results from the discharge of a
high voltage potential and leads to pulses of high current in a
short duration (typically, 100 nanoseconds). Semiconductor
IC 1s vulnerable to ESD events resulted by human contact
with the leads of the IC or electrically charged machinery
being discharged 1n other leads of the IC. Accordingly, an
ESD protection circuit 1s essential to a semiconductor IC.

A parasitic silicon controlled rectifier (SCR) 1s one kind of
on-chip semiconductor ESD protection device. Due to 1ts
high current sinking/sourcing capability, very low turn-on
impedance, low power dissipation, and large physical volume
for heat dissipating, parasitic lateral SCR devices have been
recognized 1n the prior art as one of the most effective ele-
ments 1n semiconductor ESD protection circuits.

However, there 1s a major disadvantage with using the
parasitic SCR device in ESD protection circuits, 1n that the
parasitic SCR device has a high trigger voltage which could
obstruct the parasitic SCR turning on timely to protect the
semiconductor IC. Thus, 1n practice, some secondary protec-
tion elements, such as a field planted diode and a diffusion
resistor, have to be incorporated with the lateral SCR device
in order to provide an improved ESD protection. As a result,
some additional processing steps and production cost for
fabricating those elements may be required, and the layout
s1ze of the semiconductor IC can not be reduced.

Therelore, there 1s a need of providing an advanced semi-
conductor ESD protection apparatus in order to obviate the
drawbacks and problems encountered from the prior art.

SUMMARY OF THE INVENTION

Therelore, one aspect of the present invention 1s to provide
a semiconductor ESD protection apparatus, wherein the
semiconductor ESD protection apparatus comprises a sub-
strate, a first doped well, a first doped area, a second doped
area and an epitaxial layer. The first doped well 1s disposed 1n
the substrate and has a first conductivity. The first doped area
has the first conductivity and 1s disposed 1n the first doped
well. The second doped area has a second conductivity and 1s
disposed 1n the first doped well. The epitaxial layer 1s dis-
posed 1n the substrate and has a third doped area with the first
conductivity and a fourth doped area with the second conduc-
tivity, wherein the fourth doped area 1s separated from the
third doped area. A first bipolar junction transistor (BJT)
equivalent circuit 1s formed between the first doped area, the
first doped well and the third doped area; a second BIT
equivalent circuit 1s formed between the second doped area,
the first doped well and the fourth doped area; and the first
BJT equivalent circuit and the second BJT equivalent circuit
have different majority carriers.

In one embodiment of the present invention, the epitaxial
layer turther comprises a first isolating area used to separate
the third doped area, the fourth doped area and the substrate,
wherein the first 1solating area has a doping concentration
substantially less than that of the fourth doped area. In one
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embodiment of the present invention, the first 1solating area
has the second conductivity, and the doping concentration of
the first 1solating area 1s substantially greater than or equal to
0. In one embodiment of the present invention, the epitaxial
layer 1s made of silicon germanium (S1Ge).

In one embodiment of the present invention, the first con-
ductivity 1s N-type and the second conductivity 1s P-type,
whereby the first BJT equivalent circuit 1s an NPN BIT
equivalent circuit and the second BI'T equivalent circuit 1s a
PNP BIT equivalent circuit. In one embodiment of the present
invention, the second doped area consists of S1Ge.

In one embodiment of the present invention, the first doped
areca and the second doped area are mvolved 1n a silicon
carbide (S1C) epitaxial layer, wherein the S1C epitaxial layer
further comprises a second 1solating area used to separate the
first doped area, the second doped area and the first doped
well; and the second 1solating area has a doping concentration
substantially less than that of the first doped area. In one
embodiment of the present invention, the second 1solating
area 1s an N-type area having the doping concentration sub-
stantially greater than or equal to O.

In one embodiment of the present invention, the semicon-
ductor ESD protection apparatus further comprises a second
doped well having the second conductivity and disposed 1n
the substrate, wherein the epitaxial layer 1s disposed 1n the
second doped well, and the first 1solating area 1s used to
separate the third doped area, the fourth doped area and the
second doped well. In one embodiment of the present inven-
tion, the first conductivity 1s N-type and the second conduc-
tivity 1s P-type, whereby the first BJT equivalent circuit 1s an
NPN BIT equivalent circuit and the second BJT equivalent
circuit 1s a PNP BIT equivalent circuit.

In one embodiment of the present invention, the epitaxial
layer consists of S1C; the first conductivity 1s P-type and the
second conductivity 1s N-type, whereby the first BI'T equiva-
lent circuit 1s a PNP BJT equivalent circuit and the second
BJT equivalent circuit 1s an NPN BJT equivalent circuit. In
one embodiment of the present invention, the second doped
area consists of a S1C.

In one embodiment of the present invention, the first doped
area and the second doped area are involved 1n a S1C epitaxial
layer, wherein the S1C epitaxial layer further comprises a
second 1solating area used to separate the first doped area, the
second doped area and the first doped well; and the second
1solating area has a doping concentration substantially less
than that of the first doped area. In one embodiment of the
present invention, the second 1solating area 1s a P-type area
having the doping concentration substantially greater than or
equal to 0.

In one embodiment of the present invention, the semicon-
ductor ESD protection apparatus further comprises a second
doped well having the second conductivity and disposed 1n
the substrate, wherein the epitaxial layer 1s disposed 1n the
second doped well, and the first 1solating area 1s used to
separate the third doped area, the fourth doped area and the
second doped well. In one embodiment of the present inven-
tion, the first conductivity 1s P-type and the second conduc-
tivity 1s N-type, whereby the first BJT equivalent circuit 1s a
PNP BIJT equivalent circuit and the second BJT equivalent
circuit 1s an NPN BJT equivalent circuit.

In one embodiment of the present invention, the first doped
area and the second doped area are mvolved 1 a S1Ge epi-
taxial layer, wherein the S1Ge epitaxial layer further com-
prises a second 1solating area used to separate the first doped
area, the second doped area and the first doped well; and the
second 1solating area has a doping concentration substantially
less than that of the first doped area. In one embodiment of the
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present invention, the second 1solating area 1s a P-type area
having the doping concentration substantially greater than or
equal to 0.

In accordance with aforementioned embodiments, an
improved semiconductor ESD protection apparatus which
has a SCR device comprising a PNP BIT equivalent circuit
and an NPN BIT equivalent circuit 1s provided, wherein at
least one P/N junction 1n contact with the cathode/anode of
the parasitic SCR device 1s formed by epitaxial material with
a doping concentration less than that of the cathode/anode,
whereby the resistance of the circuit used to connect the
PNP/NPN BJT equivalent circuit with the cathode/anode can
be increased, on one hand; and the carrier mobility of the
PNP/NPN BIJT equivalent circuit can be increased by the
compression or tensile stress due to the formation of the
epitaxial material in the silicon substrate, on another hand. As
a result, the trigger voltage of the parasitic SCR device can be
reduced significantly, so as to provide improved ESD protec-
tion for a semiconductor IC involving the semiconductor
ESD protection apparatus therein. Therefore the process for
fabricating the semiconductor I1C can be simplified, and the
layout size and the manufacturing cost of the semiconductor
IC can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, 1n which:

FIG. 1 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FI1G. 2 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FI1G. 3 illustrates a cross-sectional view of a semiconductor
ESD protection apparatus having a SCR device 1n accordance
with one embodiment of the present invention;

FI1G. 4 1s a cross-sectional view 1llustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FIG. 5 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FIG. 6 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FI1G. 7 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention;

FIG. 8 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention; and

FIG. 9 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus having a SCR device 1n accor-
dance with one embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

An mmproved semiconductor ESD protection apparatus
device 1s provided in order to reduce a trigger voltage of a
SCR device mvolved 1n the semiconductor ESD protection
apparatus, whereby an improved ESD protection can be pro-
vided. The present mvention will now be described more
specifically with reference to the following embodiments. It
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4

1s to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purpose of illustration and description only. It 1s not intended
to be exhaustive or to be limited to the precise form disclosed.

FIG. 1 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 10 having a SCR device 100 in
accordance with one embodiment of the present invention.
The semiconductor ESD structure 10 comprises a substrate
101, a doped well 102, adoped area 103, a doped area 104 and
an epitaxial layer 105. The substrate 101 1s a P-type doped
silicon substrate. The doped well 102 1s doped with N-type
dopants (referred as N well) and extends downwards into the
substrate 101 from a surface 101a of the substrate 101. The
doped area 103 1s an N-type area (referred as N+) extending
downwards 1nto the doped well 102 tfrom the surface 101qa
and having a doping concentration substantially greater than
that of the doped well 102. The doped areca 104 1s a P-type area
(referred as P+) extending downwards into the doped well
102 from the surface 101a and separated from the doped area
103 by a shallow trench 1solator (ST1) 106.

The epitaxial layer 105 which 1s embedded in the substrate
101 and extends outwards through the surface 101a of the
substrate 101 1s separated from the doped areas 104 and 103
by another STI 106. The epitaxial layer 105 comprises a
doped area 105q, a doped area 1035 and an isolating area
105¢. The doped area 105a 1s a N-type area (referred as N+)
having a doping concentration substantially greater than that
of the doped well 102; the doped area 1035 1s a P-type area
(referred as P+); and the doped area 105a and doped area
10556 both extend downwards into the doped well 102 from
the surface 101q of the substrate 101. The 1solating area 105¢
1s used to separate the doped area 1054a, the doped area 1055
and the doped well 102 from each other.

In some embodiments of the present mvention, the epi-
taxial layer 105 consists of S1Ge, wherein the 1solating area
105¢ can be either undoped or doped with P-type dopants. In
the present embodiment, the 1solating area 105¢ 1s doped with
P-type dopants having a concentration substantially less than
that doped 1n the doped area 1055.

By forming the aforementioned structure, a PNP BJT 110
equivalent circuit can be configured between the doped area
104, the doped well 102, the 1solating area 105¢ and the doped
areca 1055, and an NPN BJT 120 equivalent circuit can be
configured between the doped area 103, the doped well 102,
the 1solating area 105¢ and the doped area 1054, while a SCR
device 100 1s defined 1n the semiconductor ESD protection
apparatus 10 used to provide ESD protection for other device
(not shown) formed on the substrate 101.

In the present embodiment, the doped area 104, the doped
well 102 and the 1solating area 105¢ respectively serve as the
emitter (E), the base (B) and the collector (C) of the PNP BIT
110, and the doped area 10354, the 1solating area 105¢ and the
doped well 102 respectively serve as the emitter, the base and
the collector of the NPN BJT 120. The doped area 103 and the
doped area 104 are electrically 1n contact with the anode of
the SCR 100, and the doped 105q and the doped area 1055 are
clectrically in contact with the cathode of the SCR 100.

Since the isolating area 105¢ which 1s electrically con-
nected to the cathode (through the doped area 10556) and
serves as the base of the NPN BJT 120 has a doping concen-
tration less than that of the doped area 10355, thus the resis-
tance of the circuit used to connect the NPN BJT 120 with the
cathode of the SCR device 100 can be increased, such that the
trigger voltage of the SCR device 100 can be decreased sig-
nificantly.

Besides, the trigger voltage of the SCR device 100 can be
further decreased, 1n that, the carrier mobility (holes mobil-
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ity ) of the PNP BJT 110 can be increased by the compression
stress which 1s 1imposed on the doped well 102 due to the
formation of the S1Ge epitaxial layer 105.

FIG. 2 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 20 having a SCR device 200 in
accordance with one embodiment of the present invention.
The fundamental structure of the semiconductor ESD protec-
tion apparatus 10 1s similar to that of the semiconductor ESD
protection apparatus 20. The difference of these two semi-
conductor ESD protection apparatuses 1s that the doped area
204 of the semiconductor ESD protection apparatus 20 con-
s1sts of S1Ge rather than silicon as the semiconductor ESD
protection apparatus 10 applies. The S1Ge based doped area
204 and the epitaxial layer 105 may provide more compres-

s10n stress to improve the carrier mobility (holes mobility) of
the PNP BJT 210, such that the trigger voltage of the SCR

device 200 configured by the PNP BJT 210 and the NPN BIT
220 can be further decreased.

In some embodiments of the present invention, the material
consisting of the doped area 103 and the doped area 104 of the
semiconductor ESD protection apparatus 10 may be substi-
tuted by S1C. For example, FIG. 3 illustrates a cross-sectional
view of a semiconductor ESD protection apparatus 30 having,
a SCR device 300 1n accordance with one embodiment of the
present invention. Wherein the structure of the semiconductor
ESD protection apparatus 30 1s identical with that of the
semiconductor ESD protection apparatus 10 except of the
epitaxial layer 308 consisting of S1C.

In the present embodiment, the epitaxial layer 308 com-
prises a doped area 308a, a doped area 30856 and an 1solating
area 308c. The doped area 308a 1s a N-type area (referred as
N+) having a doping concentration substantially greater than
that of the doped well 102; the doped area 3085 1s a P-type
area (referred as P+); and the i1solating area 308¢ 1s used to
separate the doped area 308a, the doped areca 3085 and the
doped well 102 from each other.

In some embodiments of the present mvention, the epi-
taxial layer 308 consists of S1C, wherein the i1solating area
308c¢ can be erther undoped or doped with N-type dopants. In
the present embodiment, the 1solating area 308¢ 1s doped with
N-type dopants having a concentration substantially less than
that doped 1n the doped area 308a and the doped well 102.

By forming the atorementioned structure, a PNP BIT 310
equivalent circuit can be configured between the doped area
308b, the 1solating area 308¢, the doped well 102, the 1solat-
ing area 105¢ and the doped area 1055, and an NPN BJT 320
equivalent circuit can be configured between doped area
1035a, the 1solating area 105¢, the doped well 102, the 1solat-
ing arca 308¢ and the doped area 308a, while a SCR device
300 1s defined 1n the semiconductor ESD protection apparatus
30 used to provide ESD protection for other device (not
shown) formed on the substrate 101.

In the present embodiment, the i1solating area 308c¢, the
doped well 102 and the 1solating area 1035¢ respectively serve
as the emitter, the base and the collector of the PNP BJT 310,
and the doped area 105qa, the 1solating areca 105¢ and the
doped well 102 respectively serve as the emitter, the base and
the collector of the NPN BJT 320. The doped area 308a and
the doped area 3085 are electrically in contact with the anode
of the SCR 300, and the doped 105q and the doped area 1055
are electrically in contact with the cathode of the SCR 300.

Since the 1solating area 105¢ which 1s electrically con-
nected to the cathode (through the doped area 10556) and
serves as the base of the NPN BIT 320 has a doping concen-
tration less than that of the doped area 1035, thus the resis-
tance of the circuit used to connect the NPN BJ'T 320 with the
cathode of the SCR device 300 can be increased, such that the
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trigger voltage of the SCR device 300 can be decreased sig-
nificantly. Similarly, since the i1solating area 308¢ which 1s
clectrically connected to the anode (through the doped area
3085) and serves as the emitter of the PNP BJT 310 has a
doping concentration less than that of the doped area 3085,
thus the resistance of circuit connecting the PNP BJT 310
with the anode of the SCR device 300 can be increased.
Accordingly, a synergistic effect for decreasing the trigger
voltage of the SCR device 300 can be obtained.

FIG. 4 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 40 having a SCR device 400 in
accordance with one embodiment of the present ivention.
The semiconductor ESD structure 40 comprises a substrate
401, adoped well 402, adoped area 403, a doped area 404 and
an epitaxial layer 4035. The substrate 401 1s a P-type doped
silicon substrate. The doped well 402 1s doped with P-type
dopants (referred as P well) and extends downwards 1nto the
substrate 401 from a surface 401a of the substrate 401. The
doped area 403 1s a P-type area (referred as P+) extending
downwards 1nto the doped well 402 from the surface 401a of
the substrate 401 and having a doping concentration greater
than that of the doped well 402. The doped area 404 1s an
N-type area (referred as N+) extending downwards into the
doped well 402 from the surface 401q and separated from the
doped area 403 by a ST1 406.

The epitaxial layer 405 which 1s embedded 1n the substrate
401 and extends outwards through the surface 401a of the
substrate 401 1s separated from the doped areas 404 and 403
by another STI 406. The epitaxial layer 405 comprises a
doped area 405qa, a doped area 4035b and an 1solating area
405¢. The doped area 4054a 1s a P-type area (referred as P+)
having a doping concentration substantially greater than that
of the doped well 402; the doped area 4055 1s an N-type area
(referred as N+); and the doped area 4054 and doped area
4035b both extend downwards 1nto the doped well 402 from
the surface 401a of the substrate 401. The 1solating area 405¢
1s used to separate the doped area 4054a, the doped area 4055
and the doped well 402 from each other.

In some embodiments of the present ivention, the epi-
taxial layer 405 consists of S1C, wherein the 1solating area
405¢ can be either undoped or doped with N-type dopants. In
the present embodiment, the 1solating area 405¢ 1s doped with
N-type dopants having a concentration substantially less than
that doped 1n the doped area 4055.

By forming the aforementioned structure, a PNP BJT 410
equivalent circuit can be configured between the doped area
403, the doped well 402, the 1solating area 405¢ and the doped
area 405q, and an NPN BIJT 420 equivalent circuit can be
configured between the doped area 404, the doped well 402,
the 1solating area 405¢ and the doped area 4055, while a SCR
device 400 1s defined 1n the semiconductor ESD protection
apparatus 40 used to provide ESD protection for other device
(not shown) formed 1n substrate 401.

In the present embodiment, the doped area 4035a, the 1s0-
lating area 405¢ and the doped well 402 respectively serve as
the emitter, the base and the collector of the PNP BJT 410, and
the doped area 404, the doped well 402 and the 1solating area
405¢ respectively serve as the emitter, the base and the col-
lector of the NPN BJT 420. The doped area 403 and the doped
arca 404 are electrically 1n contact with the cathode of the
SCR 400, and the doped 405q and the doped area 4055 are
clectrically 1n contact with the anode of the SCR 400.

Since the 1solating area 405¢ which 1s electrically con-
nected to the anode (through the doped area 40355) and serves
as the base of the PNP BJT 410 has a doping concentration
less than that of the doped area 4055, thus the resistance of the
circuit used to connect the PNP BJT 410 and the anode of the
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SCR device 400 can be increased, such that the trigger voltage
of the SCR device 400 can be decreased significantly.

Besides, the trigger voltage of the SCR device 400 can be
turther decreased, in that, the carnier mobility (electrons
mobility) of the NPN BJT 420 can be increased by the tensile
stress which 1s imposed on the doped well 402 due to the
formation of the S1C epitaxial layer 405.

FIG. 5 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 30 having a SCR device 500 in
accordance with one embodiment of the present invention.
The fundamental structure of the semiconductor ESD protec-
tion apparatus 50 1s similar to that of the semiconductor ESD
protection apparatus 40. The difference of these two semi-
conductor ESD protection apparatuses 1s that the doped area
504 of the semiconductor ESD protection apparatus 30 con-
sists of S1C rather than silicon as the semiconductor ESD
protection apparatus 40 applies. The S1C based doped area
504 and the epitaxial layer 405 may provide more tensile
stress to improve the carrier mobility (electrons mobility) of
the NPN BJT 520, such that the trigger voltage of the SCR
device 500 configured by the PNP BJ'T 510 and the NPN BJT
520 can be further decreased.

In some embodiments of the present invention, the material
consisting of the doped area 403 and the doped area 404 of the
semiconductor ESD protection apparatus 40 may be substi-
tuted by Si1Ge. For example, FIG. 6 1llustrates a cross-sec-
tional view of a semiconductor ESD protection apparatus 60
having a SCR device 600 1n accordance with one embodiment
of the present invention. Wherein the structure of the semi-
conductor ESD protection apparatus 60 1s identical with that
of the semiconductor ESD protection apparatus 40 except of
the epitaxial layer 608 consisting of S1Ge.

In the present embodiment, the epitaxial layer 608 com-
prises a doped area 608a, a doped area 60856 and an 1solating,
area 608c. The doped area 608a 1s a N-type area (referred as
N+); the doped area 608b 1s a P-type area having a doping
concentration substantially greater than that of the doped well
402 (referred as P+); and the i1solating area 608c 1s used to
separate the doped area 608a, the doped areca 6085 and the
doped well 402 from each other.

In some embodiments of the present mvention, the epi-
taxial layer 608 consists of S1Ge, wherein the 1solating area
608c can be either undoped or doped with P-type dopants. In
the present embodiment, the 1solating area 608¢ 1s doped with
P-type dopants having a concentration substantially less than
that doped 1n the doped area 60856 and the doped well 402.

By forming the aforementioned structure, a PNP BJT 610
equivalent circuit can be configured between the doped area
405a, the 1solating area 405¢, the doped well 402, the 1solat-
ing area 608¢ and the doped area 608b, and an NPN BJT 620
equivalent circuit can be configured between the doped area
608a, the 1solating area 608c, the doped well 402, the 1solat-
ing arca 405¢ and the doped area 4055, while a SCR device
600 1s defined 1n the semiconductor ESD protection apparatus
60 used to provide ESD protection for other device (not
shown) formed on the substrate 401.

In the present embodiment, the doped area 405a, the 1s0-
lating area 405¢ and the doped well 402 respectively serve as
the emuitter, the base and the collector of the PNP BJT 610, and
the 1solating area 608c¢, the doped well 402 and the 1solating
area 405¢ respectively serve as the emitter, the base and the
collector of the PNP BJT 620. The doped area 608a and the
doped area 6085 are electrically in contact with the cathode of
the SCR 600, and the doped 405a and the doped area 4055 are
clectrically 1n contact with the anode of the SCR 600.

Since the 1solating area 405¢ which 1s electrically con-
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has a doping concentration less than that of the doped area
4054, thus resistance of the circuit used to connect the PNP

BJT 610 and the anode of the SCR device 600 can be

increased, such that the trigger voltage of the SCR device can
be decreased significantly. Similarly, the trigger voltage of the
SCR device 600 can be further decreased, because the 1solat-

ing arca 608¢ which 1s electrically connected to the cathode
and serves as the emitter of the PNP BJT 610 has a doping
concentration less than that of the doped area 6085 can cause
resistance of the circuit used to connect the NPN BIT 620
with the cathode of the SCR device 600 increased. Accord-
ingly a synergistic effect for decreasing the trigger voltage of
the SCR device 600 can be obtained.

FIG. 7 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 70 having a SCR device 700 1n
accordance with one embodiment of the present ivention.
The semiconductor ESD structure 70 comprises a substrate

701, a doped well 702, a doped well 707, a doped area 703, a

doped area 704 and an epitaxial layer 705. The substrate 701
1s a P-type doped silicon substrate. The doped well 702 1s
doped with N-type dopants (referred as N well) and extends
downwards into the substrate 701 from a surface 701a of the
substrate 701. The doped well 707 1s a P-type doped region
and also extends downwards into the substrate 701 from the
surface 701a of the substrate 701 (referred as P well).

The doped area 703 1s an N-type area (referred as N+)
extending downwards 1nto the doped well 702 from the sur-
face 701a and having a doping concentration substantially
greater than that of the doped well 702. The doped area 704 1s
a P-type area (referred as P+) extending downwards into the
doped well 702 from the surface 701q and separated from the
doped area 703 by a STI 706.

The epitaxial layer 705 extends downwards 1nto the doped
well 707 from the surface 701a of the substrate 701 and 1s
separated from the doped areas 704 and 703 by another ST1I
706. The epitaxial layer 705 comprises a doped area 7054, a
doped area 70556 and an 1solating area 703¢. The doped area
70354 1s an N-type area (referred as N+); and the doped area
70556 1s a P-type area (referred as P+) having a doping con-
centration substantially greater than that of the doped well
707. The 1solating area 705¢ 1s used to separate the doped area
70354, the doped area 70556 and the doped well 707 from each
other.

In some embodiments of the present ivention, the epi-
taxial layer 705 consists of S1Ge, wherein the 1solating area
705¢ can be either undoped or doped with P-type dopants. In
the present embodiment, the 1solating area 705¢ 1s doped with
P-type dopants having a concentration substantially less than
that doped 1n the doped area 7055.

By forming the alforementioned structure, a PNP BJT 710
equivalent circuit can be configured between the doped area
704, the doped well 702, the doped well 707, the 1solating
areca 705¢ and the doped area 70556, and an NPN BIJT 720
equivalent circuit can be configured between the doped area
703, the doped well 702, the doped well 707, the 1solating
area 705¢ and the doped area 705a, while a SCR device 700
1s defined 1n the semiconductor ESD protection apparatus 70
used to provide ESD protection for other device (not shown)
formed on the substrate 701.

In the present embodiment, the doped area 704, the doped
well 702 and the doped well 707 respectively serve as the
emitter, the base and the collector of the PNP BJT 710, and the
1solating area 705¢, the doped well 707 and the doped well
702 respectively serve as the emitter, the base and the collec-
tor of the NPN BIT 720. The doped area 703 and the doped

area 704 are electrically in contact with the anode of the SCR
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700, and the doped 7054 and the doped area 7055 are electri-
cally 1n contact with the cathode of the SCR 700.

Since the 1solating area 705¢ which 1s electrically con-
nected to the cathode (through the doped area 70556) and
serves as the emitter of the NPN BIT 720 has a doping
concentration less than that of the doped area 70556 and the
doped well 707, thus the resistance of the circuit used to
connect the NPN BIT 720 with the cathode of the SCR device
700 can be increased, such that the trigger voltage of the SCR
device 700 can be decreased significantly.

In some embodiments of the present invention, the material
consisting of the doped area 703 and the doped area 704 of the
semiconductor ESD protection apparatus 70 may be substi-
tuted by S1C epitaxial matenial. For example, FIG. 8 1llus-
trates a cross-sectional view of a semiconductor ESD protec-
tion apparatus 80 having a SCR device 800 in accordance
with one embodiment of the present invention. Wherein the
structure of the semiconductor ESD protection apparatus 80
1s 1dentical with that of the semiconductor ESD protection
apparatus 70 except of the epitaxial layer 808 consisting of
S1C.

In the present embodiment, the epitaxial layer 808 com-
prises a doped area 808a, a doped area 80856 and an 1solating,
area 808c¢. The doped area 808a 1s an N-type area (referred as
N+) having a doping concentration substantially greater than
that of the doped well 702; the doped area 8085b 1s a P-type
area (referred as P+); and the 1solating area 808c¢ 1s used to
separate the doped area 808a, the doped arca 8086 and the
doped well 702 from each other.

In some embodiments of the present mvention, the epi-
taxial layer 808 consists of S1C, wherein the i1solating area
808c¢ can be erther undoped or doped with N-type dopants. In
the present embodiment, the 1solating area 808c¢ 1s doped with
N-type dopants having a concentration substantially less than
that doped 1n the doped area 808a and the doped well 702.

By forming the aforementioned structure, a PNP BJT 810
equivalent circuit can be configured between the doped area
808b, the 1solating area 808c, the doped well 702, the doped
well 707, the 1solating area 705¢ and the doped area 7055, and
an NPN BJT 820 equivalent circuit can be configured
between doped area 7054, the 1solating area 705¢, the doped
well 707, the doped well 702, the 1solating area 808¢ and the
doped area 808a, while a SCR device 800 1s defined 1n the
semiconductor ESD protection apparatus 80 used to provide
ESD protection for other device (not shown) formed on the
substrate 701.

In the present embodiment, the 1solating area 808c¢, the
doped well 702 and the doped well 707 respectively serve as
the emitter, the base and the collector of the PNP BJT 810, and
the 1solating area 705¢, the doped well 7077 and the doped well
702 respectively serve as the emitter, the base and the collec-
tor of the NPN BIT 820. The doped area 808a and the doped
area 808b are electrically in contact with the anode of the SCR
800, and the doped 705a and the doped area 7055 are electri-
cally 1in contact with the cathode of the SCR 800.

Since the 1solating area 7035¢ which 1s electrically con-
nected to the cathode (through the doped area 70556) and
serves as the emitter of the NPN BIJT 820 has a doping
concentration less than that of the doped area 70556 and the
doped well 707, thus the resistance of the circuit used to
connect the NPN BIT 820 with the cathode of the SCR device
800 can be increased, such that the trigger voltage of the SCR
device 800 can be decreased significantly. Similarly the trig-
ger voltage of the SCR device 800 can be turther decreased.,
because the 1solating areca 808c¢ which 1s electrically con-
nected to the anode (through the doped area 8085) and serves
as the emitter of the PNP BJT 810 has a doping concentration
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less than that of the doped area 808a can cause the resistance
of the circuit connecting the PNP BJT 810 with the anode of
the SCR device 800 increased. Accordingly, a synergistic
cifect for decreasing the trigger voltage of the SCR device
800 can be obtained.

FIG. 9 1s a cross-sectional view illustrating a semiconduc-
tor ESD protection apparatus 90 having a SCR device 900 in
accordance with one embodiment of the present invention.
The semiconductor ESD structure 90 comprises a substrate
901, a doped well 902, a doped well 907, a doped area 903, a
doped area 904 and an epitaxial layer 905. The substrate 901
1s a P-type doped silicon substrate. The doped well 902 1s a
P-type doped region and extends downwards into the sub-
strate 901 from the surface 901a ofthe substrate 901 (referred
as P well). The doped well 907 1s doped with N-type dopants
(referred as N well) and extends downwards into the substrate
901 from a surface 901a of the substrate 901.

The doped area 903 15 a P-type area (referred as P+) extend-
ing downwards into the doped well 902 from the surface 901qa
and having a doping concentration substantially greater than
that of the doped well 902. The doped area 904 1s an N-type

area (referred as N+) extending downwards into the doped
well 902 from the surface 901a and separated from the doped

area 903 by a STI 906.
The epitaxial layer 905 extends downwards 1nto the doped

well 907 from the surface 901a of the substrate 901 and 1s
separated from the doped areas 904 and 903 by another ST1
906. The epitaxial layer 905 comprises a doped area 905a, a
doped area 90556 and an i1solating area 903¢. The doped area
9054 1s an N-type area (referred as N+) having a doping
concentration substantially greater than that of the doped well
907; and the doped areca 9055 15 a P-type area (referred as P+).
The 1solating area 905¢ 1s used to separate the doped area
9034, the doped area 90556 and the doped well 907 from each
other.

In some embodiments of the present mvention, the epi-
taxial layer 905 consists of S1C, wherein the i1solating area
905¢ can be either undoped or doped with N-type dopants. In
the present embodiment, the 1solating area 905¢ 1s doped with
N-type dopants having a concentration substantially less than

that doped 1n the doped area 905a and the doped well 907.

By forming the aforementioned structure, a PNP BJT 910
equivalent circuit can be configured between the doped area
903, the doped well 902, the doped well 907, the 1solating
areca 905¢ and the doped area 9055, and an NPN BIT 920
equivalent circuit can be configured between the doped area
904, the doped well 902, the doped well 907, the 1solating
area 905¢ and the doped area 9054a, while a SCR device 900
1s defined 1n the semiconductor ESD protection apparatus 90
used to provide ESD protection for other device (not shown)
tormed on the substrate 901.

In the present embodiment, the 1solating area 905¢, the
doped well 907 and the doped well 902 respectively serve as
the emitter, the base and the collector of the PNP BJT 910, and
the doped area 904, the doped well 902 and the doped well
907 respectively serve as the emitter, the base and the collec-
tor of the NPN BIT 920. The doped area 903 and the doped
area 904 are electrically 1n contact with the cathode of the
SCR 900, and the doped 905a and the doped area 9055 are
clectrically 1n contact with the anode of the SCR 900.

Since the 1solating area 905¢ which 1s electrically con-
nected to the anode (through the doped area 903a) and serves
as the emitter of the PNP BJT 910 has a doping concentration
less than that of the doped area 905q and the doped well 907,
thus the resistance of the circuit used to connect the PNP BJT
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910 with the anode of the SCR device 900 can be increased,
such that the trigger voltage of the SCR device 900 can be
decreased significantly.

In accordance with aforementioned embodiments, an
improved semiconductor ESD protection apparatus which
has a SCR device comprising a PNP BJT equivalent circuit
and an NPN BIT equivalent circuit 1s provided, wherein at
least one P/N junction 1n contact with the cathode/anode of
the parasitic SCR device 1s formed by epitaxial material with
a doping concentration less than that of the cathode/anode,
whereby the resistance of the circuit used to connect the
PNP/NPN BJT equivalent circuit with the cathode/anode can
be increased, on one hand; and the carrier mobility of the
PNP/NPN BIJT equivalent circuit can be increased by the
compression or tensile stress due to the formation of the
epitaxial material in the silicon substrate, on another hand. As
a result, the trigger voltage of the parasitic SCR device can be
reduced significantly, so as to provide improved ESD protec-
tion for a semiconductor IC involving the semiconductor
ESD protection apparatus therein. Therefore the process for
tabricating the semiconductor I1C can be simplified, and the
layout size and the manufacturing cost of the semiconductor
IC can be reduced.

While the invention has been described 1n terms of what 1s
presently considered to be the most practical and preferred
embodiments, it 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. A semiconductor electrostatic discharge (ESD) protec-
tion apparatus comprising:

a substrate;

a first doped well, disposed in the substrate and having a

first conductivity;

a first doped area, having the first conductivity and dis-
posed 1n the first doped well;

a second doped area, having a second conductivity and
disposed 1n the first doped well;

an epitaxial layer, disposed in the substrate and having a
third doped area with the first conductivity and a fourth
doped area with the second conductivity, wherein the
third doped area and the fourth doped area are disposed
in the first doped well and separated by a first 1solating
area having the second conductivity;

a first bipolar junction transistor (BJT) equivalent circuit
formed between the first doped area, the first doped well,
the first 1solating area and the third doped area; and

a second BIT equivalent circuit formed between the second
doped area, the first doped well and the first 1solating
area and the fourth doped area;

wherein the first BJ'T equivalent circuit and the second BJT
equivalent circuit have different majority carriers.

2. The semiconductor ESD protection apparatus according,
to claim 1, wherein the first 1solating area has a doping con-
centration substantially less than that ol the fourth doped area.

3. The semiconductor ESD protection apparatus according
to claim 2, wherein the doping concentration of the first
1solating area 1s substantially greater than O.

4. The semiconductor ESD protection apparatus according,
to claim 2, wherein the epitaxial layer 1s made of silicon
germanium (S1Ge).

5. The semiconductor ESD protection apparatus according,
to claim 4, wherein the first conductivity 1s N-type and the
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second conductivity 1s P-type, whereby the first BJT equiva-
lent circuit 1s an NPN BJT equivalent circuit and the second
BJT equivalent circuit 1s a PNP BJT equivalent circuit.

6. The semiconductor ESD protection apparatus according
to claim 5, wherein the second doped area consists of S1Ge.

7. The semiconductor ESD protection apparatus according,
to claim 5, wherein the first doped area and the second doped
area are mvolved 1n a silicon carbide (S1C) epitaxial layer; the
S1C epitaxial layer further comprises a second 1solating area
used to separate the first doped area, the second doped area
and the first doped well; and the second 1solating area has a
doping concentration substantially less than that of the first
doped area.

8. The semiconductor ESD protection apparatus according,
to claim 7, wherein the second 1solating area 1s an N-type area
having the doping concentration substantially greater than or
equal to 0.

9. The semiconductor ESD protection apparatus according,
to claim 4, further comprising a second doped well having the
second conductivity and disposed 1n the substrate, wherein
the epitaxial layer 1s disposed 1n the second doped well, and
the first 1solating area 1s used to separate the third doped area,
the fourth doped area and the second doped well.

10. The semiconductor ESD protection apparatus accord-
ing to claim 9, wherein the first conductivity 1s N-type and the
second conductivity 1s P-type, whereby the first BJT equiva-
lent circuit 1s an NPN BJT equivalent circuit and the second
BJT equivalent circuit 1s a PNP BJT equivalent circuat.

11. The semiconductor ESD protection apparatus accord-
ing to claim 2, wherein the epitaxial layer consists of SiC.

12. The semiconductor ESD protection apparatus accord-
ing to claim 11, wherein the first conductivity 1s P-type and
the second conductivity 1s N-type, whereby the first BJT
equivalent circuit 1s a PNP BJT equivalent circuit and the
second BIJT equivalent circuit 1s an NPN BJT equivalent
circuit.

13. The semiconductor ESD protection apparatus accord-
ing to claim 12, wherein the second doped area consists of a
S1C.

14. The semiconductor ESD protection apparatus accord-
ing to claim 12, wherein the first doped area and the second
doped area 1s 1nvolved 1 a S1C epitaxial layer; the S1C epi-
taxial layer further comprises a second 1solating area used to
separate the first doped area, the second doped area and the
first doped well; and the second 1solating area has a doping
concentration substantially less than that of the first doped
area.

15. The semiconductor ESD protection apparatus accord-
ing to claim 14, wherein the second 1solating area 1s a P-type
area having the doping concentration substantially greater
than or equal to O.

16. The semiconductor ESD protection apparatus accord-
ing to claim 11, further comprising a second doped well
having the second conductivity and disposed 1n the substrate,
wherein the epitaxial layer 1s disposed 1n the second doped
well, and the first 1solating area 1s used to separate the third
doped area, the fourth doped area and the second doped well.

17. The semiconductor ESD protection apparatus accord-
ing to claim 16, wherein the first conductivity 1s P-type and
the second conductivity 1s N-type, whereby the first BJT
equivalent circuit 1s a PNP BJT equivalent circuit and the
second BIT equivalent circuit 1s an NPN BJT equivalent
circuit.

18. The semiconductor ESD protection apparatus accord-
ing to claam 17, wherein the first doped area and the second
doped area are mvolved 1n a SiGe epitaxial layer, the S1Ge
epitaxial layer further comprises a second 1solating area used
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to separate the first doped area, the second doped area and the
first doped well; and the second 1solating area has a doping
concentration substantially less than that of the first doped
area.

19. The semiconductor ESD protection apparatus accord- 5
ing to claim 18, wherein the second 1solating area 1s a P-type
are having the doping concentration substantially greater than
or equal to O.

14
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